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Abstract 



PROBLEM TO BE SOLVED: To Improve control efficiency In actuator control using genetic algorithm 
(GA). 

SOLUTION: A shock absorber 10 Is controlled by an actuator 16, The attenuating coefficient of the 
absorber 10 to be controlled by the actuator 16 is calculated by using GA by a control means 22. The 
control means 22 generates the control parameter system of a new generation by means of GA and 
judges the direction of present control based on the power spectrum of acceleration 24 on a spring. 
When control In the direction of raising attenuating force is judged to be necessary as attenuating force 
is short In present control, and a new control parameter system generated based on GA does not exist 
in the direction of raising attenuating force. The trial and evaluation through the use of the new 
generation is prohibited, thereby prohibiting unnecessary trial to Improve control efficiency. 

Data supplied from the esp@cenet database - 12 



../abstract?CY=ep&LG=en&PNP=JP9198108&PN=JP9198108c&CURDRAW=l&DB=E2 



Page. 26 



(19)H*H»Wif (JP) 



02) i2t M It 11= ^ « (A) 



#51^9-198108 

(43mHB V«9*a997)7^3ie 



(51)IntCL° 

G0 5B 13/02 

B 6 0 G 17/015 

G0 5D 19/02 



F I 

G 0 5 B 13/02 

B 6 0 G 17/015 

G 0 5 D 19/02 



Z 
A 
A 
D 





»HiF8-46eO 


(71)fflgA 


000003207 






















(72)|8W# 


«Ba mm 
























#1!± Wffl W- <^2«) 



<54) B8w©«w] n^^a.x.-ifmimm 



(57) 

1^1 ae6<jr/w=fy (GA) SrfflV^feTi?^ 
^ 1 6-e»J»i-S<, TrJ'^aoi— ^ 1 6;dS$lJi9i-'<#T 

1 0 22{;i±*)GASr 

fflV^-C»ttl$^^-5o *Jffll#IS2 2«, GAJcJ;i5 3&r1H:ft 



iO 



16 



1- — 


1 |tt*a±iDiSK 








1 Yd j. 


12 







^24 



^14 



JP2000006. DAT 



Page. 27 



( 2 ) 

;i «>SiJ#:;&^iRi¥iJ^^g:{c J; ►) afficofiJW.'^ 9 y — ^ m «c 

^^■r 5 ^ t m t i- ^ T ^ * ^- ffiiis^e. 

^at, 20 
J-*3V^T, 50 



#11^9-1 9 8 10 8 

2 

S-*-t- 5 T ^ ^ =L ^ flJ|Blge(C*3 V ^-C , 

[00011 
[00021 

{cjiigbfc#MiF5- 2 9 4 12 2.%<kmxcn: 

7 ,y J? y ^'x-'SifeJcS-:? # ;;*.;^;-r 7 WM.^^^ C . 
-^«ollM*#lg:c*SrG • zd /Yd f;ijE£;cT^Ji»-r 

[0 0 0 31 

[0 0 0 41 -?en-t?. :Sjff. aSe^KlT/U^^y (iilT 
GAtv^5) Srfflv^TJt«;^®Ji»oSiJ«¥^-'7y-:J'>SrfS 

[0 0 0 51 (1) WmWi(O^0. 

(2) il*T#fe#«Si«yt$tv5*t?etT«)/w-7'A!i3aSrtT 



JP2000006. DAT 



I 



Page. 28 



( 3 ) 

3 

5 

i ) SiSftfFffi 
i i) mi 

i i i) 3SX^^^^^{iJ;5^1i!:f^^^ 

[0 0 0 6] bd^L, r(D<t 5^<CGASrffiV^T1^^^:/ 

[0 0 0 71 *|gMl*, Jil2«eSEfi$S<0*-rs^Jc:4g 20 
[0 0 0 8] 

[liSSr««ft-rSJti6(D^l^l Ju|Eae<jSrM^ig-t--5fc«) 
[0 0 0 9] ±lEae^)«ra^i-.5fc«)(c. ^2© 40 



#H¥9- 1 9 8 10 8 

4 

-iJ'^S-fflVN^cT ^^a-ai-^fiJ^StWIffiSr^Jfci- 
[0 0 101 ±IBBW=Srm-r5:fc»t::> %Z<r> 

5. 

[0 0 11] -h|HSS<3§rj^^iK-rS;^ci*{c. %A<D 

^m-i-. ^14fc^*m2*fcttm3©5IM{-*3V^T. tif 

m.x^^^b^m''^h-r^, 

[0 0 1 21 ±|aBWSr3^^-r*fc«>{c, Us© 

/KcS':5VNTSiJiBl<D56rfR]SrflJ^-r5 ^ t tr#®t-r5o 
[0 0 13] Jiiag6f)^lriS^!K-r.5fci?>(^. %Q<f> 

[0 0 141 S?>{c. ±|EB6<jSriSfie"f ^7 
[0 0 151 

[0 0 161 El ^J:^**||^£J^fil<DfilJ5K0*5*s^^Tv^ 

1 2 t3|c#:i 4S^■&^-C«^^c4^■r*5^). *ft:{;iH^$ 

(««;^>c) d^fey^h m3Rtif\<) \z.m*)m7Lhih^ 

^WMm^^Ch\^X\'ti^±m.Wkm^ \ 8(CJ:»)^W 

2 0 {c J: »)i(feai$4xS«ia±t «4aTt <?5M©±T:i^[^ 
i^««R^C**5C • Zd /Yd (^;fc'S<t5(c:©JI»#S2 

2 fBK»#© 2 2 ft, G mm^'R.-a:^ * 

11, *ft:W(-«CPU, GA7"a^9AXr;5ftij|Si:;&|6j!|sij 



JP2000006. DAT 



Page. 29 



( 4 ) 



#MJf9-l 98 108 



10 0 171 S 2 »C|*;*:3llfe?^liHc*5V^Tffiffl * 

•r;'i*>*>$iJtS/^7P<— ^^«CS. Cl. C2s • • • 
Cn^:V^5 (n+1) fi<D$iJ|9/^7P<-i5'*>fe«fife 10 

cstt;^*W7 5'^'i*«fiiSc-e$)»)> ci, c 

2. • • CnltT^'y— /^©#g;cDil^S#^t?*> 
So C* = CS-Zd/Yd t;i<t ►) lli^^«^Sr*«), 
^©lli^«#»{^*'b'a-ai-5«i««»:.SrC 1 . C 2 , 

#^i*>jc*j£j^flS-e»* 8 tr 2/ h -e^ ci f>mmti 

3iSSt,/hSv^y7 h^— K-Cfot). C2. C3. • - t 

[0 0 18J Ei3(c»$Jt»#S2 2<^^fflSl7o— ^-V— 
S) Sr-.a4-liJOWfiS^*t-t-.5t ittc (S 1 0 

1) > ^w^^ot^y-fes' h-rs (SI 0 2) „ ESttc. 
^mn-f-^ (s 1 0 3) . ■tti:t>h. h^mm-'^y:^- 30 

(CS, Cl, C2, • • Cn) Sr;«V^T. * 
-fc* = cs • zd /Yd {j:J:»)r::/y— 

yf7^^mmifint>tix\^^m. fM»#a2 2W;ROM 

^/^^;l«<5v^Tffip^^-5 (S 1 0 4) . 
[00191 09 {cfili*a_hJD3a*<7)3^^/w=¥— 40 

/V^l^i^T^ (PSD) S^^LTV^5. lll«t»lli» 

-^i^^liT y V p 8 D -cfo 

Mtllr^X^^^m^K^t. tf*a±*M-^#jfi[ 0. 
2~2Hz] ©fflifeSS:^©^^!?— *SfiTb. [ 2~8H 

$v^:»-g•^c^4, [0. 2~2Hz] <r>mi&ism<o^^v— 
*sii:*:L, [ 2~8H2] <o/-?y-*!«i>i-5. r<DJ: 50 



h/\^^i^m\^x«i^-&(ommMm<r>^<v'-<n>M^^m^-r 

Hz*-C<Z>PSDSr^UTV^SdS, 2 0 H z tJ^±(;i*3V' 

9]#j««ti<t«9 PSDdS::*:^<^^bi-sr t t^j:^. El 

1 0(C«jlJ^^2 OHzei±<;5PSD<??^^;55*$nT 

a-g-jcii, 2 0 H z &L±<omi&^mmx^<^—i;>im:k.-t 

^O'tfifiS^Ha-^SfcfeJ;!, 2 0HzgtJi(D>'^!7— CD;*; 

0Hz£Jl±©^^!7— <D!i^J^J4 2!!fc«J^f t.O-T?S>t). 0. 

2 ~ 8 H z 0¥lJ^^(CtT*5tl..5o 

[00201 wxj^m 3{z.m*)s ±^<ox 5 ii^mm<o:^f^ 

S-¥iJ;£i-5fci?>tcPSDS:*»S*aaSrff 5 i (S 1 0 
'-iJ'^0DW<ffi*-tT5fFflfi?»^«!!atc#tTi-5 (S 1 0 

5) . ^<owfmmm-i.GA\z!$i'm<r>«!,mx$>*). ^<r>m 
(omm^m-m'^ <o:^mxn 5 r t ^^^-ct s;aK ^mm 

i6{;ii?-r^Sr)l» (8 10 6) . PSDSr*»S«>(Ci£^ 
V'^'^MC smp (0. 2Hz~50Hz 

•^xiKi!b^(oxm^\ii olems.) tm^-r^i: (si 

0 7) . flJ^9^S2 2tt*ie>fc^<O<B#:c0fFfiE«I<l:R 
e s i: UT;»<*y tctS.iWi--5. -^LT. PSDcD:^al;^^ 
/W^cDi^fPSr^tbL (8 10 8) . ^h\Z.::.(D±:3:.:^;V 
^cDi^^S:^V>T#JlS[»C?aF(D|PJ-g-Sr*«>S (S 1 0 
9) o 

(0 0 2 11 01 l»!l|4^a:j^i/V^(Di^?pSr*fe5*!!!3S 
ifim^iriXiiK) . m^IkO . 2Hz~5 0Hz*-COP 
SD<Da5)-tc±«)i^^ESr*«>Sri:;6S-Ct-5. 
ilSl«P5)-«Si^^-C*>S. ® 1 2 {ctt#fflSE»^<OlfJ 

-a-Sr*»5^S*5S%^ttT*3t). 0. 2~2H 

z] <D3ijt;/W:¥(Dfi^>ttS:a. 2~8Hz]© 
3:.:^jV^<0^^m.i: ^ . 20~50Hz] ©cn 

A (=a/2) , B (=/?/£) , C (=7/^) ti" 

[0 0 2 21 r<D<tpjCbT#jlSi^^<^f'J'&<^^«)fc 
«IJ»^I9;2 2<DGASiJ»S§tt. ■(@f*:mBteStC^fT 

■rs (s 1 1 0) . :i<r>mw¥^mvm.\ii.. ^mi^^nm^ 



JP2000006. DAT 



Page. 30 



( 5 ) 

7 

[0 0 2 31 mA\z.\tz.<r>mvmmvm.<r>yn^'^^- 

h^i^^nrVN^o ^-f, -yy^i 1 a g <Ofit;5S 1 
*^SrH^J^i-5 (S 2 0 1) „ ^(n>y=7^i l a gli. ^ 

teiF 1 a g = 1 t«§oT, f 1 a g 1 -e 

jfeVN. *frW{;::ttf 1 a g = 0-e&S»^(c(*, 3|if1ttft 10 

(S 2 0 3)„*fc. f 1 a g= 1 -Cfc^a-g-f^li*, :i 
©J^1fi:n<DfF«iS5aCiSmimi-S l O 5-C**btVTVN 

^^i><D^wm-ri> (S2 0 2) „ rttt-j;*). ^*y(c 

SiJ«i/-«9^-^^Sr^i-5 (Sill). r©«rtH:f^ 
C l«S8lf 5' (0000001 0) -CC 2*s (0 0 

0 0 0 1 1 0) -cfci?, mW-Bcyc (000000 

11) -CC2*S (0 0000101) -CS)5»^{C, 
1fl:f^(0<S{*c(0C 1 Srfflf*:A©C 1 (0 00 0 00 10) 

C2S:^Hf*:B(DC2 (00000 1 0 1) h^t^ 
itSrV^5. 30 
[0 0 2 51 GA(c±50r1fl:ft<D^^S)^7-rSi:. JSfe 
{;::Ji'ft;:^itij<oN^j;t«kaSr*fi'-t-5 (s i i 2) . r<Dil 
ik;^i^®*ij^*aaiti, s i o 9 

^-V— ^;5S;^$^^TV^S^ ^-f, 0 5^c*5V^-c, ^ 
JKISL 0. 2~2Hz] JC*5Jt5fiJ'a-Ai:^;£©l,#VN 
fitCAma xJi<D;*:/hJ*:«S:tT5 (S301), roU 

^(omm\-mnti^SLhm^^i^^ (iii9Sr#flgstufc 

V->) . A>CAma X JJtJJi^iJS 
m 2~8Hz] i^ldStt^SW-g-B t^^SOLtvMitCB 
m a X t (0;'C/jNitiSES:=fT 5 (S 3 04). Z.<D\y^\^m. 

<CBma xO»-a-J-tts ®^;^J*5J^f*!9^StHNj^$ 
J!fe{J:?a^E<0?F«ife*R e s t *irlHl<OW<ffiM*R e s 50 



#M¥9- 1 9 8 10 8 

8 

O 1 d(C^^^C res ■^HmX.H.'moi^'hlAM^^ 

(S3 0 5) , :L(n>mm^. m.tE<r>mm'i+^m^-^^ 

[0 0 2 61 —;^, S301, S304, S 3 0 5cDV^ 

m^ia^. ^9c^c_h3^U:fcUt^V^^il[CBma xSrffiV>t:« 

«;^/:S5igf!|^>;g:;^^^>|£|j5^-^5 (S3 0 2) „ B>CBm 

a x-CfcSJ#^(c:{i. i^;^/3SW<^BrtB'ttfcS<D-C, »c 

fCA<CAma x-e$>5*^*>^*j;^-r5 (S 3 0 

6) o A<CAma x-CfcSW-o-JCfi, ^d^lC^ffiOilS 

«;(3t?(*jg»Jt*iJ»f-c#S<DT?. $e>(cS305i:lRl« 
5 (S3 0 7) . aft<Ote#:-ettfF^teHSrjB;lTW^ffi 

[0 0 2 71 mMf]^&-vi>mmxhti:< . *fc 

3(DmMicmfV. :ir-e{ijgjlS^[ 2 0~5 0Hz] 
©SiJ-a-C i:FfJ£© b#V^ttC Cm a x (OM^itmmih 
tbSo i:<Db#V^^itCCma xl*. ^^^^(^^'0^^ 

«s#v^^:iHl:^S^^ (0 1 0 Sr#fia§*i.:fcVN) , 08{c* 

(C*5»t-5S 1 1 Z<r>iim\ZJ^\^Xi 1 a giSOl^C-fes/ 
h$ix5o 1 a g = 0(4Ji3z&bfci 5{-ff1fl:f^*5 

=eeoT, f 1 a g = o i:ig;e$tb-Trwr;«s 1 0 lig^ 

fTO^iaSr^ff S 1 0 3{c:*5»t5>^*'l'7 5' 

^$ijfflir±. 8 11 l■?^J5K$J^fc*f■tfl:ft•T?^fe<. 

[0 0 2 81 n^t)^&hm-&^i\^xmm-b^WiM 

(0 6) , WlMM^T§Mh^M^i[\.XUmi>iWMti^T 

^HlJ;£$^^fcJ©^ (08) {z.^nx^i:it:>ofgm^wi.m-t 

So 

[0 0 2 91 06(*i^*;^$r±(f S:*^r6j©^aa:7a— ^ 
A— ht?fcS. i-fx f!li»^S2 2tt, S 1 1 1X±0. 



JP2000006. DAT 



Page. 31 



( 6 ) 

9 

^m^-r^ (S4 0 1) o rw^JSli, j^1M:f^®1@#:(D 

^-^^Jigat-esmc 1 . • • • . c n <Dm.-^m-&-r:h :l t 

(S4 0 2) . f 1 a gSrltC-fes' hir^ (S 4 0 
3) „ =e§oT. llkm<D:^-^^yy^Umii. rotflflrft 

:;&rRit— i6:U;^cv^©-c^ffl$^^-f> WUS i i ko^ls 
f^<D$j^»<D;&fR]ds;Sfe£i>gi: $4x5ffiij»<D:;&rRji:-i5:b 

[0 0 3 01 Bl7(4iS«;^SrT«f S:&lRl<;5Ma7n— ^ 
-V- h-CfcSo *-r> fij«#®2 2tt. SI 1 1-^^ 

^¥iJS-r-5 (S5 0 1) , rofiJSfc. «f1H:f^<Dfflf^© 
*s-e#5o ^ft©<@*<D?^«#^<Drt. ci^ 30 

(S 5 0 2). f 1 a g Sri t;i-fe?' (S 5 0 

3) o t^oTs T&^m<o:^^'i7yi'mm\t. rotfttf^ 

i5:b^'£V^©t?^ffl$^^•f. S^T^S 1 1 1 co^fLS 

1 0 0 3 1 1 0 8 •) m^msL^'p^i < ■ri>:^m(om 50 



!|tBfi¥9- 19 8 10 8 

JO 

ST'a-^-Y-h-^fcSo *■r^ S'W*S2 2{i. SI 

'^i>:^m^ib^*>^ii^^m^-r^ (seoi) , rco^pj 

•r^i*?*., roil^^^^tt. C* = CS'Zd/Ydd^ 

{cfcSfcWje-C^S. r<DJ;5tcbT3&f-|fl:^t*sjl^*«« 

^(ci*. ^mm^<7y^—!'^:z<r>Si-&:iXKWt&l^ (S 
6 0 2), f 1 a gS^KC-fe?/ h-fS (S 6 0 3) , 

10032] r(Dj;5{-x *lliS?^te-Ct*, ^iaJblJBjS 

±t?#5o ^«E<Offi)W«dSJE:«>ffPffi1ie*»f>s|siJ»fL 
1 0 0 3 3 1 **5, >^||Jfi?^SS-Ctt> 

[0 0 3 4] 

m2] mmmmm<Dmi^m<o^mm-(^h e. 

"bo 



JP2000006. DAT 



Page. 32 



( 7 ) 



9-198108 



11 



[091 «S;t>i:PSDi:(0|8«Sr^i-^97iat?S) 

[0111 ^^^^v^<Dmw^7f^'rmmm^^^o 

[0121 #jai6IS:?ffco#j^>^^i-ifi5g0-T?s>-5o 

[iRF#(D|ftMl 

10 -^^y^TZfV—^^ 16 T^^z^^-'if. 2 
2 ffiiJffll^So 



[01] 



[021 



Or 

.12 



10 



-14 



22 

_L_ 



*a±6n;^ -24 



1 CS(l) 


|ci(l)[c2(i) 


C3(l) 


c4(l) 


c5(l) 1 


cn(I) 1 


1 

1 




|cj(m)|c2(in) 


c3Cm) 




C5(ni) 1 .... 


cnCm) 1 



[@3l 



I imer 0 



SI03 



timer+-*-^SI06 



[l^iiner>Carrp 











sros 
« 




1 







>IOd 



SII3 



flag-O 



„ I „ 



[04] 



iS201 




PSD 




[061 




f I ag - 1 ^S403 



1 1] 



PSD 



02 




50Hz 



02-^ 2 2 8 



20 



JP2000006. DAT 



Page. 33 



{ 8 ) 4$||5p9_ 1 9 8 10 8 




JP2000006. DAT 



Page 1 of 2 



* NOTICES * 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The evaluation means which carries out quantum evaluation of the quality of control at the 
time of performing actuator control using a control-parameter system, A modification means to 
change said control-parameter system into a new control-parameter system, In the actuator control 
unit which has a selection means to choose the control-parameter system which compares the 
evaluation value of the control-parameter system modification before and after modification, and has 
a better evaluation value When judged with control by the current control-parameter system being in 
predetermined tolerance with a control direction judging means to judge the direction which should 
control an actuator, and this control direction judging means The actuator control unit characterized 
by having the control means which forbids the actuator control and evaluation using said new 
control-parameter system. 

[Claim 2] The evaluation means which carries out quantum evaluation of the quality of control at the 
time of performing actuator control using a control-parameter system, A modification means to 
change said control-parameter system into a new control-parameter system. In the actuator control 
unit which has a selection means to choose the control-parameter system which compares the 
evaluation value of the control-parameter system modification before and after modification, and has 
a better evaluation value The direction of a control direction judging means to judge the direction 
which should control an actuator, and said new control of a control parameter The actuator control 
unit characterized by having the control means which forbids the actuator control and evaluation 
which used said new control-parameter system in not being in agreement with the direction of the 
control judged with said control direction judging means. 

[Claim 3] It is the actuator control unit characterized by controlling said modification means so that 
said control means changes said new control parameter into a still newer control-parameter system in 
an actuator control unit according to claim 2. 

[Claim 4] It is the actuator control device which said actuator is an actuator for suspension 
attenuation force controls of a car, and is characterized by said control-parameter system being a 
damping coefficient in an actuator control device according to claim 1, 2, or 3. 
[Claim 5] It is the actuator control unit characterized by said control direction judging means judging 
die direction of control in an actuator control unit according to claim 4 based on the energy spectrum 
of the spring top acceleration of a suspension. 

[Claim 6] It is the actuator control imit characterized by said evaluation means evaluating a quality in 
an actuator control unit according to claim 4 based on the integral value of the spring top 
acceleration of a suspension. 

[Claim 7] The evaluation means which carries out quantum evaluation of the quality of control at the 
time of performing actuator control using a control-parameter system, A modification means to 
change said control-parameter system into a new control-parameter system. In the actuator control 
unit which has a selection means to choose the control-parameter system which compares the 
evaluation value of the control-parameter system modification before and after modification, and has 
a better evaluation value The actuator control unit characterized by having the control means which 
forbids the actuator control and evaluation which used said new control-parameter system when it 
judges that the evaluation value of a current control-parameter system is in predetermined tolerance. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an actuator control device, especially the equipment 
which controls an actuator the optimal according to a situation using two or more control parameters. 

[0002] 

[Description of the Prior Art] The technique of conventionally adjusting the damping coefficient of 
the shock absorber included in the suspension of cars, such as an automobile, is proposed, for 
example, to JP,5-294122,A which the applicant for this patent proposed previously It is based on the 
skyhook damper theory and is Zd about the rate of the vertical direction on C and a spring in a 
skyhook damping coefficient. It carries out. It is Yd about the relative velocity of the vertical 
direction between a spring top and the bottom of a spring. It carries out and they are C-Zd/Y d about 
real damping coefficient C* of a shock absorber. In the equipment responded and controlled, 
amending a damping coefficient based on the oscillating input component from a road surface is 
indicated. 
[0003] 

[Problem(s) to be Solved by the Invention] Thus, although it can respond to road surface change of a 
situation to some extent by making a damping coefficient adjustable [ instead of a fixed value ], it is 
difficult to set up the damping force of a shock absorber the optimal to all road surfaces. If especially 
machine part, such as an absorber, considers that the damping coefficient which is also in the same 
road surface situation is not not necessarily the optimal, and does not necessarily continue, and 
prediction of property change is difficult for it since the property changes with degradation with the 
passage of time, adjustment is not easy only at amendment of a damping coefficient. 
[0004] Then, it considers adjusting the control parameter of an attenuation force control recently 
using a genetic algorithm (it being called Following GA). GA is the retrieval approach of the 
optimum solution guessed from the organic evolution, and, generally it is carried out through the 
following down stream processing. 

[0005] (1) the i which performs the following loop-formation processings until an initial ensemble's 
generation (2) terminating condition is fulfilled Fitness evaluation ii the new generation generation 
by selection iii decussation or mutation — by carrying out sequential generation of the control 
parameter in this way, and leaving only the control parameter which has the evaluation value which 
performed the evaluation and was excellent, although responsibility is inferior a little, it cannot be 
based on a road surface situation and aging, but can find out the optimal solution. 
[0006] However, in spite of acquiring the control effectiveness of the level it can be satisfied with 
the control parameter used now of level enough since the new generation who always generated the 
new generation of a control parameter for every predetermined time, and generated must be 
evaluated when performing the attenuation force control of a suspension using such GA, in order to 
generate a new control parameter and to perform the evaluation, there was a problem which is not 
high. Moreover, in spite of having lowered the damping force essentially, judging from the excess 
and deficiency of a current damping force, also when evaluating by generating the new control 
parameter which raises a damping force, it was. 

[0007] This invention is to offer the actuator control unit which is made in view of the technical 
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problem which the above-mentioned conventional technique has, can respond to an environmental 
variation or degradation with the passage of time, and sets up the optimal efficient control parameter, 
and can control various actuators, such as a suspension control actuator. 
[0008] 

[Means for Solving the Problem] The evaluation means which carries out quantum evaluation of the 
quality of control at the time of die 1st invention using a control-parameter system and performing 
actuator control in order to attain the above-mentioned purpose, A modification means to change 
said control-parameter system into a new control-parameter system. In the actuator control unit 
which has a selection means to choose the control-parameter system which compares the evaluation 
value of the control-parameter system modification before and after modification, and has a better 
evaluation value When judged with control by the current control-parameter system being in 
predetermined tolerance with a control direction judging means to judge the direction which should 
control an actuator, and this control direction judging means It is characterized by having the control 
means which forbids the actuator control and evaluation using said new control-parameter system. 
[0009] In order to attain the above-mentioned purpose, moreover, the 2nd invention The evaluation 
means which carries out quantum evaluation of the quality of control at the time of performing 
actuator control using a control-parameter system, A modification means to change said control- 
parameter system into a new control-parameter system. In the actuator control unit which has a 
selection means to choose the control-parameter system which compares the evaluation value of the 
control-parameter system modification before and after modification, and has a better evaluation 
value The direction of a control direction judging means to judge the direction which should control 
an actuator, and said new control of a control parameter When not in agreement with the direction of 
the control judged with said control direction judging means, it is characterized by having the control 
means which forbids the actuator control and evaluation which used said new control-parameter 
system, 

[0010] Moreover, in order to attain the above-mentioned purpose, 3rd invention is characterized by 
said control means controlling said modification means to change said new control parameter into a 
still newer control-parameter system in the 2nd invention. 

[001 1] Moreover, in order to attain the above-mentioned purpose, in the 1st, 2nd, or 3rd invention, 
said actuator of the 4th invention is an actuator for suspension attenuation force controls of a car, and 
said control-parameter system is characterized by being a damping coefficient. 
[0012] Moreover, in order to attain the above-mentioned purpose, 5th invention is characterized by 
said control direction judging means judging the direction of control in the 4th invention based on 
the energy spectrum of the spring top acceleration of a suspension. 

[0013] Moreover, in order to attain the above-mentioned purpose, 6th invention is characterized by 
said evaluation means evaluating a quality in the 4th invention based on the integral value of the 
spring top acceleration of a suspension. 

[0014] In order to attain the above-mentioned purpose, fiuthermore, the 7th invention The evaluation 
means which carries out quantum evaluation of the quality of control at the time of performing 
actuator control using a control-parameter system, A modification means to change said control- 
parameter system into a new control-parameter system. In the actuator control unit which has a 
selection means to choose the control-parameter system which compares the evaluation value of the 
control-parameter system modification before and after modification, and has a better evaluation 
value When it judges that the evaluation value of a current control-parameter system is in 
predetermined tolerance, it is characterized by having the control means which forbids the actuator 
control and evaluation which used said new control-parameter system. 
[0015] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained based 
on a drawing. 

[0016] The block diagram of this operation gestalt is shown in drawing 1 , The shock absorber 10 of 
a damping- force adjustable type is constituted including the piston 12 and the body 14, and is 
changed from it being hard in multistage (damping- force size) to software (damping-force smallness) 
by the actuator 16 for control fixed to the car body. An actuator 16 is the rate Zd of the vertical 
direction on the spring detected by the spring top rate detector 18 by setting a skyhook damping 
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coefficient to C. And relative velocity Yd of the vertical direction between the spring top detected by 
the relative-velocity detector 20, and the bottom of a spring It is based and real damping coefficient 
C* of a shock absorber 10 is C-ZdA^d. It is controlled by the control means 22 to become. A control 
means 22 is constituted including GA controller and memory, it judges the direction which should 
control an actuator while it performs the below-mentioned new generation generation, evaluation, 
and selection with GA controller, and it stores a population in memory. GA controller specifically 
consists of ROMs, RAM, input/output interfaces, etc. which stored CPU, GA program, and the 
control direction judging program. In addition, the spring top rate detector 18 computes a rate by 
carrying out time quadrature of the spring top acceleration detected with the spring top acceleration 
detector 24. Moreover, the spring top acceleration itself is supplied to a control means 22, and it is 
used for judgment processing of the control direction so that it may mention later. 
[0017] An example of the population which is used for dravsdng 2 in this operation gestalt, and is 
stored in memory is shown. An each object, i.e., a control-parameter system, consists of control 
parameters of an individual called CS, CI, C2, Cn (n+1), CS is a skyhook damping coefficient, 
and CI, C2, Cn are the damping coefficients of each stage of an absorber. C*=CS-Zd / Yd It is 
the configuration which chooses fi-om CI, C2, Cn the damping coefficient which asks for a real 
damping coefficient and agrees most in this real damping coefficient, and controls it. Each damping 
coefficient is expressed by 8 bits by this operation gestalt, and a damping force is in smallest 
software mode, and CI becomes the hard mode in which a damping force increases as it becomes 
C2, C3, and .. Such dozens of populations are prepared and a new generation's control-parameter 
system is suitably generated decussation or by carrying out mutation in these individuals. In addition, 
the evaluation value is given to the each object, respectively, and the evaluation value is stored in 
memory by the set with each control parameter of an individual. 

[0018] The processing flow chart of a control means 22 is shown in drawing 3 . First, while once 
making the last evaluation result Res (it mentions later about an evaluation operation and an 
evaluation result) into this evaluation result as initial setting (SI 01), a timer is reset to 0 (SI 02). 
Next, skyhook control is actually performed using a certain control-parameter system (SI 03). That 
is, a certain control-parameter system (CS, CI, C2, Cn) is used, and they are C*=CS-Zd / Yd 
first. Real damping coefficient C* required of an absorber is computed, the damping coefficient 
nearest to this real damping coefficient C* is chosen from CI, Cn, and an actuator 16 is driven. 
And while such skyhook control is performed, a control means 22 performs the control direction 
judging program stored in ROM. This control direction judging program is performed based on the 
energy spectrum of spring top acceleration (SI 04). 

[0019] The energy spectrum of spring top acceleration and the relation of a damping force are shown 
in drawing 9 . In drawing, an axis of abscissa expresses a frequency and the axis of ordinate 
expresses the power spectnmi density (PSD) of spring top acceleration. Moreover, a drawing solid 
line is PSD when the damping force of an absorber is small, and an alternate long and short dash line 
is PSD when the damping force of an absorber is large. When a damping force is large, it is near the 
spring top resonance point [0.2-2Hz]. The power of a fi-equency band falls and it is [2-8Hz]. The 
power of a frequency band increases. On the other hand, when a damping force is small, it is [0.2- 
2Hz]. The power of a fi-equency band increases and it is [2-8Hz]. Power decreases. Thus, since a 
power spectrum changes with the size of a damping force, with this operation gestalt, it judges 
whether the damping force of current control is insufficient, or a damping force is superfluous by 
detecting a power spectrum and judging the size of the power of a specific fi-equency band paying 
attention to this fact. In addition, in drawing 9 , although the frequency shows PSD to 20Hz, in 20Hz 
or more, PSD will change not with the size of a damping force but with the change frequency of the 
damping coefficient of an absorber a lot. The situation of PSD with a frequency of 20Hz or more is 
shown in drawing 10 , and alternate long and short dash lines are few cases of change frequency in 
the case where change frequency has many drawing solid lines. In changing a damping coefficient 
frequently, it turns out that power increases in a frequency domain 20Hz or more. So, with this 
operation gestalt, in order to realize a more comfortable degree of comfort, the size of power 20Hz 
or more was also judged, and the direction of control is determined. However, and it is performed 
after the 0.2-8Hz judgment of power. [ the judgment of this power 20Hz or more ] [ 2nd ] 
[0020] If processing which calculates drawing 3 for retum, and calculates PSD again in order to 
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judge the direction of control as mentioned above is performed (SI 04), it will shift to the individual 
used next now, i.e., evaluation data processing which performs evaluation of a control-parameter 
system, (SI 05). This evaluation operation is processing indispensable to GA, and is forjudging 
whether that individual is excellent, although this evaluation operation can be performed by various 
approaches, with this operation gestalt, the integral value of spring top acceleration predetermined 
within a time is estimating. That is, suppose that control is excellent, so that this integral value is 
small. In order to perform these frequency analyses and an evaluation operation, a timer is carried 
forward (SI 06), and if sampling-time Csmp (for example, about 10 seconds [ Since it asks to 0.2Hz - 
50Hz ]) required to calculate PSD peisses (SI 07), a control means 22 is stored in memory by setting 
to Res the evaluation value of the current individual for which it asked. And total of the total energy 
of PSD is computed (SI 08), and it asks for the rate of each frequency band using total of this total 
energy further (SI 09). 

[0021] The processing which asks for total of total energy is shown in drawing 1 1 , and it can ask for 
Total sigma according to the integral of PSD to the frequency of 0.2Hz - 50Hz. The shadow area in 
drawing is total. Moreover, the processing which asks for the rate of each frequency band is shown 
in drawing 12 , and it is a frequency [0.2-2Hz]. They are beta and a frequency [20-50Hz] about alpha 
and the integral value of the energy of a frequency [2-8Hz] in the integral value of energy. If the 
integral value of energy is set to gamma, it can ask for the rate of each frequency band by breaking 
each by the total sigma of total energy. With this operation gestalt, these rates are set to A (= 
alpha/sigma), B (= beta/sigma), and C (= gamma/sigma), respectively. 

[0022] Thus, after asking for the rate of each frequency band, GA controller of a control means 22 
shifts to individual deletion processing (SI 10). This individual deletion processing is processing 
which leaves altematively only the individual which has the evaluation result of deleting the bad 
individual of an evaluation result from a population, and having excelled. 

[0023] The flow chart of this individual deletion processing is shown in drawing 4 . First, the value 
of Flag flag judges whether it is 1 (S201). Flag=l is given, when it is judged with agreeing in the 
current control direction so that this flag flag may be for identifying and may mention later whether 
it has agreed in the control direction current in the generated new generation control-parameter 
system. Therefore, in [ whose flag is not 1 ] being specifically flag=0, since a new generation does 
not improve control, he deletes a new generation (S203). Moreover, since this new generation's 
evaluation result of an operation is already called for by SI 05 when it is flag=l, the size comparison 
of the evaluation value of the individual of the population stored in memory and this new generation 
is performed, and what has a controllability largest the integral value of spring top acceleration and 
bad is deleted most greatly [ an evaluation value ] (S202). By this, only the population which was 
excellent in evaluation will be left behind to memory. 

[0024] After individual deletion processing is completed as mentioned above, it generates using GA 
continuously (SI 1 1)., a new generation's individual, i.e., new control-parameter system This new 
generation generation is generated by what is made for the population which has the outstanding 
evaluation value stored in memory to cross mutually (or mutation is carried out). Here, decussation 
means CI of for example, the individual A being [ C2 ] (00000110) in (00000010), CI of Individual 
B setting CI of a new generation's individual to CI (00000010) of Individual A by (0000001 1), 
when C2 is (00000101), and setting C2 to C2 (00000101) of Individual B. [ 8-bit ] 
[0025] Termination of generation of the new generation by GA performs judgment processing of the 
evolution direction next (SI 12). Judgment processing of this evolution direction judges whether the 
new generation newly generated in the rate of each frequency band for which it asked by SI 09, i.e., 
the direction which should be controlled, has agreed. The detail flowchart of this evolution direction 
judging processing is shown in drawing 5 , drawing 6 , drawing 7 , and drawing 8 . First, it sets to 
drawing 5 and is a frequency [0.2-2Hz]. The size comparison with the rate A that it can set, and 
predetermined threshold CAmax is performed (S301). This threshold CAmax is the rate of the power 
forjudging with attenuation lack of ability, and when larger than this threshold, the present control is 
judged to be attenuation lack of ability (please refer to drawing 9 ). When judged with A>CAmax, it 
is a frequency [2-8Hz] next. The size comparison with the rate B that it can set, and predetermined 
threshold CBmax is performed (S304). It is the rate of the power forjudging with the damping force 
of this threshold CBmax being superfluous, and when larger than this threshold, it is judged with the 
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damping force of the present control being superfluous (refer to drawing 9 ). Therefore, in 
B<CBmax, it judges that a damping force is insufficient too, and the size comparison of a value 
which added the predetermined value Cres to the current evaluation result Res and the last evaluation 
result ResOld next is performed (S305). This judgment is forjudging whether it has the 
controllability which the present individual can satisfy enough, and when the evaluation value of the 
present individual is greatly judged as control being bad in the present individual, it shifts to the 
processing which judges that control of the present [ control means / 22 ] must control in the 
direction which enlarges a damping force, and shows it to drawing 6 . 

[0026] On the other hand, when it judges that the direction which should control NO, i.e., an 
actuator, by one processing of S301, S304, and S305 is not a direction which enlarges a damping 
force, it judges whether a damping force is superfluous using threshold CBmax mentioned above 
next (S302). In being B>CBmax, since it is possible, it judges whether next it is A<CAmax with a 
superfluous damping force (S306). In being A<CAmax, since it can judge that it is superfluous, 
surely by the current damping force, a current evaluation value judges whether it is bad across 
tolerance still like S305 (S307). In the present individual, when it judges that evaluation is bad across 
tolerance, a control means 22 shifts to the processing which judges that must control the present 
damping force in the direction made small, and is shown in drawing 7 . 

[0027] on the other hand — attenuation lack of ability — even when ~ the case where the current 
evaluation value which is not superfluous, either is in toler2ince ~ all ~ processing of S3 03 — shifting 
— here ~ frequency [20-50Hz] The size comparison of a rate C and predetermined threshold CCmax 
is performed. This threshold CCmax shifts to the processing which is the rate of the power for 
judging, changes, is judged as there being much frequency when larger than this threshold (refer to 
drawing 10 ), and shows drawing 8 whether there to be or much change frequency of a damping 
coefficient is few. Moreover, when judged with frequency being small, this evolution direction 
judging processing is ended as it is, it shifts to the processing of S 113 in drawing 3 , and flag is set to 
0. It is because it means that it is not that to which a new generation improves control, and the result 
which can be satisfied with control by the current individual of this enough is obtained, as mentioned 
above, and this flag=0 does not need to dare try a new generation. Therefore, when it is set up with 
flag=0 and processes SI 01 shift again, it will continue not using the new generation generated by 
Sill but using a current individual, and the skyhook control in SI 03 will perform an attenuation 
force control. 

[0028] It changes, although a damping force is the neither more nor less when judged with it having 
to be in the direction in which it is judged with a damping force being superfluous, and control 
lowers a damping force when judged with it having to be the direction to which it is judged with 
attenuation lack of ability, and control raises a damping force hereafter ( drawing 6 ) ( drawing 7 ), 
when judged with there being too much frequency ( drawing 8 ), it divides, and these processings are 
explained. 

[0029] Drawing 6 is the processing flow chart of the direction which raises a damping force. First, a 
control means 22 checks, individual, i.e., control-parameter system, of the new generation generated 
by SI 1 1, and this new generation judges that it is tended whether to raise a damping force (S401). 
This judgment can be judged with the value of the damping coefficients CI, Cn of each stage a 
new generation's individual. For example, suppose that CI and C2 were actually used among the 
damping coefficients of a current individual. Then, a control means 22 checks the value of CI and 
C2 among the control parameters of a new generation's individual, and judges whether these values 
are decreasing. Since the rate that a more hard damping coefficient is chosen increases when these 
values are decreasing, it can judge [ tending to raise a damping force more as a new generation's 
individual as a result, and ]. Thus, when a new generation is judged [ tending to raise a damping 
force and ], since this new generation will be a desirable new generation for improving control, he 
sets each control parameter as this new generation (S402), and sets flag to 1 (S403). Therefore, next 
skyhook control will be performed in this new generation. On the other hand, when a new generation 
is judged as there being nothing in the direction which raises a damping force, since this new 
generation is not in agreement with the direction of control, he is not employed, but he retums to 
processing of SI 1 1 again, and regenerates a new new generation. Even when not in agreement with 
the direction of the control for which the direction of a new generation's control is needed now by 
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this, it can forbid trying and evaluating this new generation. 

[0030] Drawing 7 is the processing flow chart of the direction which lowers a damping force. First, a 
control means 22 checks, individual, i.e., control-parameter system, of the new generation generated 
by SI 1 1, and this new generation judges that it is tended whether to lower a damping force (S501). 
This judgment can also be judged with the value of the damping coefficients CI, Cn of each stage 
a new generation's individual. For example, suppose that CI and C2 were actually used among the 
damping coefficients of a current individual. Then, a control means 22 checks the value of CI and 
C2 among the control parameters of a new generation's individual, and judges whether these values 
are increasing. Since the rate that a softer damping coefficient is chosen increases when these values 
are increasing, it can judge [ tending to lower a damping force more as a new generation's individual 
as a result, and ]. Thus, when a new generation is judged [ tending to lower a damping force and ], 
since this new generation will be a desirable new generation for improving control, he sets each 
control parameter as this new generation (S502), and sets flag to 1 (S503). Therefore, next skyhook 
control will be performed in this new generation. On the other hand, when a new generation is 
judged as there being nothing in the direction which lowers a damping force, since this new 
generation is not in agreement with the direction of control, he is not employed, but he returns to 
processing of SI 1 1 again, and regenerates a new new generation. Even when not in agreement with 
the direction of the control for which the direction of a new generation's control is needed now by 
this, it can forbid trying and evaluating this new generation. 

[0031] Drawing 8 is the processing flow chart of the direction which lessens change firequency. First, 
it judges that a control means 22 checks, individual, i.e., control-parameter system, of the new 
generation generated by S 1 11 , this new generation changes, and it is tended whether to decrease 
fi-equency or not (S601). This judgment can be performed with the value of a new generation's 
damping coefficient CS. That is, since it functions as C*=CS and ZdA^d showing this damping 
coefficient as gain, it will change, so that this value is large, and fi*equency will increase. Therefore, 
when a new generation's damping coefficient CS is decreasing compared with a current damping 
coefficient, a new generation can judge [ tending to lessen change frequency and ]. Thus, when a 
new generation is judged [ tending to lessen the fi-equency of a change of a damping coefficient, 
and ], each control parameter is set as this new generation (S602), and flag is set to 1 (S603). 
Therefore, next skyhook control will be performed in this new generation, and that evaluation 
operation will be made. When judged with there being nothing in the direction which a new 
generation changes and lessens firequency on the other hand, it returns to processing of SI 1 1 again, 
and a hew new generation is regenerated. 

[0032] Thus, with this operation gestalt, the excess and deficiency of a damping force are judged 
based on the power spectrum of spring top acceleration, and since the new generation who tries that 
this power spectrum should be set as a desired spectrum is sorted out beforehand, it can prevent 
certainly trying the new generation who does not become improving a controllability. Moreover, 
since a new generation is not tried also when judged with a current controllability being in tolerance, 
judging from the evaluation value, effectiveness of a controllability is not reduced superfluously. 
[0033] In addition, although this operation gestalt explained taking the case of the actuator for the 
suspension attenuation force controls of a car especially The point of this invention judges whether it 
is a thing desirable [ before trying the new generation who generated ] although the new generation 
improves a controllability, and in not being desirable, forbid trial and evaluation. And since it is in 
forbidding trial and evaluation of a new generation also when a current controllability is in tolerance, 
it cannot be overemphasized that it is applicable to the actuator of arbitration within the limits of the 
summary of this invention. 
[0034] 

[Effect of the Invention] It can respond to various environments and degradation with the passage of 
time, without reducing control effectiveness, since a new control-parameter system is used only 
when it controls by this invention imiformly using a new control-parameter system, and the 
evaluation is not performed but it is considered the need by current control, as explained above. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the operation gestalt of this invention. 

[Drawing 2] It is the explanatory view of the population of this operation gestalt. 

[Drawing 3] It is this whole operation gestalt processing flow chart. 

[Drawing 4] It is the detail flowchart of the individual deletion processing in drawing 3 . 

[Drawing 5] It is the detail flowchart of judgment processing of the evolution direction in drawing 3 . 

[Drawing 6] It is a processing flow chart in the case of attenuation lack of ability. 

[Drawing 7] It is a processing flow chart when a damping force is superfluous. 

[Drawing 8] It is a processing flow chart when there is much change frequency. 

[Drawing 9] It is the graphical representation showing the relation between a damping force and 

PSD. 

[Dravvdng 10] It is the graphical representation showing the relation between change frequency and 
PSD. 

[Drawing 11] It is the explanatory view showing total of total energy. 

[Drawing 12] It is the explanatory view showing the rate of each frequency band. 

[Description of Notations] 

10 A shock absorber, 16 An actuator, 22 Control means. 
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[Drawing 3] 
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